Introduction {#s001}
============

Cannabidiol (CBD), a constituent of cannabis, has received enormous public and scientific attention over the past decade. CBD citations in PubMed increased from 40 in 2000--2002 to 458 in 2014--2016. Although many of these refer to the *potential* of CBD to treat psychiatric or neurological disorders,^[@B1],[@B2]^ there have been promising reports of its efficacy for treatment-resistant epilepsy and, combined with delta-9 tetrahydrocannabinol (THC; Sativex^®^), for multiple sclerosis. There is also evidence that single doses of CBD alter mood or behavior, either alone or in combination with other cannabinoids.

Several studies suggest that CBD has anxiolytic effects. Zuardi et al.^[@B3]^ reported that CBD (about 35 mg) reduced anxiety provoked by oral THC (about 70 mg) in normal volunteers. Later, Zuardi et al.^[@B4]^ reported that CBD (300 mg) reduced anxiety during a stressful public speaking task in healthy adults, to a similar extent as diazepam (10 mg) and ipsaperone (5 mg). In other studies, CBD reduced anxiety during public speaking in individuals with social anxiety disorder,^[@B5]^ reduced amygdala responses to fearful faces in healthy men,^[@B6],[@B7]^ and reduced anxiety in response to a stressful imaging procedure in men.^[@B8]^ CBD also produces anxiolytic-like effects in animal models.^[@B9]^ Together, these findings suggest that CBD may possess anxiolytic properties similar to those of known anxiolytic drugs.

The neural mechanisms by which CBD acts in the brain are poorly understood. CBD has low binding affinity for either CB1 or CB2 receptors. However, some *in vivo* studies indicate that the behavioral effects of CBD may be elicited indirectly through these receptors.^[@B10],[@B11]^ CB1 inverse agonists can block the behavioral effects of CBD in mouse models of fear conditioning, extinction, and marble burying behaviors.^[@B12],[@B13]^ CBD administered directly into key brain regions reduces anxiety-like behavior in rodents.^[@B14]^ CBD may also reduce anxiety and alleviate other neurological disorders by enhancing anandamide through fatty acid amide hydrolase inhibition^[@B17],[@B18]^ or by altering serotonergic (5-HT) neurotransmission, including actions as an indirect 5-HT1A agonist.^[@B1],[@B18]^

In this study, we examined the effects of CBD on responses to negative emotional stimuli in healthy human volunteers.^[@B22]^ Single doses of anxiolytic and antidepressant drugs produce subtle changes in perception and responses to emotional stimuli in healthy individuals, effects that appear to predict their therapeutic efficacy.^[@B23]^ In this study, we used such measures to study the effects of CBD. We tested participants\' responses to images or words with negative affective content, reactivity to threatening emotional faces, and sensitivity to social rejection after oral CBD (0, 300, 600, and 900 mg) in a double-blind design. We hypothesized that CBD would reduce reactivity to negative emotional stimuli.

Materials and Methods {#s002}
=====================

Design {#s003}
------

Healthy men and women aged 18--35 years participated in this four-session, within-subjects double-blind study. On each session, they received a single oral dose of CBD (300, 600, and 900 mg) or placebo (PLB) in randomized order. The study was approved by the University of Chicago Biological Science Division Institutional Review Board, and procedures were in accordance with the Helsinki Declaration of 1975, as revised in 2008.

Drug {#s004}
----

Oral CBD (300 mg/ml solution) or PLB vehicle was provided by Insys Therapeutics, Inc. (IND 125302). On each session, participants received a total of 4 ml of fluid that included 1 ml of sugar-free syrup to enhance palatability and to improve blinding (Ora-Sweet; Paddock Laboratories, Minneapolis, MN), plus the appropriate volume of active CBD (0, 1, 2 or 3 ml) and vehicle (3, 2, 1 or 0 ml). The solutions for each dose were matched on taste, physical characteristics, and volume. The drug was administered 2.5 h before subjects completed the behavioral tasks, based on evidence that CBD plasma levels are rising at this time.^[@B27],[@B28]^

Subjects {#s005}
--------

Volunteers (19 men and 19 women) were recruited through posters, advertisements, and word-of-mouth referrals. Screening included a physical examination, an electrocardiogram, a psychiatric screening interview, and detailed drug use history. Individuals were excluded if they had cardiovascular problems, used prescription medications (except hormonal contraception in women), had a current DSM-V Axis I^[@B29]^ mood, anxiety, eating, or substance dependence disorder, or a lifetime history of a psychotic disorder. Women who were pregnant, nursing, or planning to become pregnant, anyone with less than a high-school education, not fluent in English, body mass index (BMI) less than 19 or more than 30, or who reported using cannabis \>100 times in their lifetime were also excluded to minimize possible tolerance to CBD.

Study procedures {#s006}
----------------

### Orientation {#s007}

Participants who met criteria attended an orientation session to explain the study, obtain consent, and practice the study tasks. They agreed to fast after 11:00 am on the day of the sessions and abstain from alcohol and other drug use for 24 h before sessions. To mitigate expectancy effects, participants were told that they might receive a PLB, a stimulant, a sedative, or a cannabis-like drug (e.g., THC or CBD).

### Study sessions {#s008}

Sessions were conducted in a comfortable laboratory room from 1:00 pm to 5:45 pm, separated by at least 1 week. Upon arrival, subjects provided urine and breath samples to test for recent alcohol and drug use, and a pregnancy test (for women). Subjects who tested positive were rescheduled or dropped from the study. Participants then consumed a standardized snack (granola bar) and completed baseline (Time Point 1) measures of subjective mood, drug effects, and cardiovascular variables. These measures were obtained at regular 30--60 min intervals during the 4-h session. At 1:30 pm, participants ingested capsules containing CBD (300, 600, and 900 mg) or PLB. For the next 2.5 h until the drug effect reached its expected peak,^[@B27],[@B28]^ participants relaxed and watched a movie or read a book. From 4 pm to 5 pm, they completed the tasks described hereunder to assess their reactivity to emotional stimuli. The tasks were presented in a counterbalanced order. Participants were discharged at 5:45 pm.

Physiological measures {#s009}
----------------------

### Cardiovascular measures {#s010}

Heart rate and blood pressure (BP) were measured using portable monitors (Omron Automatic Blood Pressure Monitor, Model No. BP791IT; Omron Healthcare, Inc., Lake Forest, IL). Mean arterial pressure (MAP; \[systolic BP +2×diastolic BP\]/3) was calculated.

Subjective measures {#s011}
-------------------

### Profile of Mood States {#s012}

The Profile of Mood States (POMS) is a validated measure of mood states consisting of 72 adjectives commonly used to describe momentary moods.^[@B30]^ The POMS is sensitive to the effects of mood-altering drugs in healthy volunteers.^[@B31],[@B32]^

### Drug Effects Questionnaire {#s013}

The Drug Effects Questionnaire is a validated measure of subjective drug effects.^[@B33],[@B34]^ Participants indicate on a visual analog scale the extent they feel a drug effect, whether they like or dislike the drug effect, and whether given a choice would they want to take more of the drug.

Behavioral tasks {#s014}
----------------

We based our predictions of CBD on previous studies investigating other pharmacological interventions in similar behavioral tasks. Specifically, drugs that are known to improve anxiety or depression (tryptophan supplementation, antidepressant medication, steroids, and benzodiazepines) tend to reduce or direct an individual\'s attention away from negative emotional stimuli.^[@B26]^ Thus, we predicted that CBD would result in similar behavioral outcomes.

### Emotional Stroop {#s015}

The Emotional Stroop is a measure of emotional arousal adapted from the original Stroop color task.^[@B26],[@B35],[@B36]^ It consists of words with specific emotional connotations displayed in four different colors. It includes positive and negative words with *religious*, *social*, and *emotional* content. For example, *religious-positive* words included "angel," "paradise," and "divine," and *social-negative* words included "alone," "unwanted," and "disliked." It also includes a "color control" in which names of colors were presented in different colored font.^[@B36]^ Participants indicate the color of each word\'s text by pressing a corresponding key on a keyboard. Longer reaction times are expected for mismatched color and text, and longer reaction times with emotional words are indicative of a greater emotional response (longer fixation) to emotional words.^[@B37],[@B38]^ Previous studies have shown that changes in tryptophan depletion can increase interference of words with negative connotations.^[@B39]^ Interestingly, CBD has also been shown to suppress tryptophan depletion in ways that suggest a neural mechanism by which antidepressant or anxiolytic effects of cannabinoids might be linked to serotonergic neurotransmission.^[@B42]^ Thus, it was predicted that CBD would blunt the emotional response toward words with negative connotations, resulting in faster reaction times toward negative words.

### International Affective Picture System {#s016}

The International Affective Picture System (IAPS) was used as a measure of emotional arousal^[@B43]^ to visual stimuli with affective content. Participants viewed standardized positive, negative, and neutral pictures from the IAPS. The negative and positive images were matched on degree of valence and arousal. Positive, negative, and neutral images were also categorized as "social" or "nonsocial" by the experimenters. Subjects rated both the positivity and the negativity of each image. It was predicted that CBD would reduce negativity ratings to negative pictures.

### Dynamic Emotion Identification Task {#s017}

The Dynamic Emotion Identification Task (DEIT) is a measure of sensitivity to detecting facial expressions, created for use in our laboratory.^[@B44]^ Participants viewed dynamically developing facial expressions comprising 2% morphs from a neutral face to a 100% expression of an emotion, happy, sad, angry, and fearful. Participants responded as soon as they could correctly identify the emotion expressed. Emotion identification was quantified as the intensity (0--100%) of the face when the participant responded on trials when they correctly identified the emotion. Based on previous studies investigating pharmacologically induced reductions in reactivity to negative emotional stimli,^[@B25],[@B26]^ we predicted that CBD would reduce sensitivity to negative facial expressions (i.e., a higher intensity of expression needed to identify sadness, anger, and fear).

### Attentional Bias Task {#s018}

The Attentional Bias Task (ABT) measures attention toward emotional stimuli (facial expressions) and was adapted from Garner et al.^[@B45]^ Participants viewed a neutral face and one with an emotional expression^[@B46]^ side-by-side. After 500 msec viewing, a white dot appeared in place of one of the faces and participants were instructed to indicate its location. Trials were separated by 750--1,250 msec. Attentional bias toward emotional facial expressions was indicated by a longer shorter reaction time for the emotional expression.^[@B47]^ Based on previous studies in nonclinical participants investigating the effects of serotonergic antidepressants and anxiolytics on emotional visual probe tasks,^[@B26]^ we predicted that CBD would reduce attentional bias (i.e., lengthen reaction times) to negative facial expressions (anger, sadness, and fear).

### Cyberball {#s019}

This is a measure of social acceptance and ostracism.^[@B48]^ Participants played two virtual games of toss with two other "players" who were represented as animated icons on the computer screen. Participants were told that they represented one of the three players. During the first game (acceptance), the ball was tossed equally among the three players. During the second game (rejection), the participant was excluded. After each game, participants rated their levels of mood and self-esteem. We have previously found that MDMA, a drug that has prosocial and mood-enhancing effects, can blunt the effects of simulated social rejection.^[@B51]^ It was predicted here that CBD would blunt the rejection-induced reduction in mood and self-esteem. Participants also estimated the percentage of throws they received during each game.

Data analyses {#s020}
-------------

The physiological and subjective effects of CBD were analyzed by two-way (drug×time) repeated measures analysis of variance (ANOVA). Behavioral tasks (Emotional Stroop, IAPS, DEIT, ABT, and Cyberball) were analyzed through a series of two-way mixed factorial ANOVAs. Significant effects were followed by *post hoc* comparisons of the estimated marginal means. Bonferroni corrections for multiple comparisons within each dependent measure were utilized to maintain a family-wise error rate of 0.05.

Results {#s021}
=======

Participants {#s022}
------------

One person tested positive for cannabis and was dropped from the study. [Table 1](#T1){ref-type="table"} illustrates that most of the remaining 38 subjects were in their early 20s and reported light-to-moderate recent use of alcohol, nicotine, caffeine, and cannabis.

###### 

**Characteristics of the 38 Participants Who Completed the Cannabidiol Study**

  -------------------------------------- ---------------------
  Gender (M:F)                           19:19
  Age (years)                            23.6 (0.66)
  Education (years)                      15.2 (0.27)
  Race                                   
   Caucasian                             22
   African American                      10
   Other                                 6
  Recent (past month) substance use      
   Alcohol (drinks/week)                 5.28 (0.64); *n*=35
   Cigarettes (cigs/week)                8.58 (5.32); *n*=7
   Caffeine (cups/day)                   1.32 (0.23); *n*=33
   Cannabis (times/month)                5.12 (1.02); *n*=14
  Lifetime substance use (% ever used)   
   Cannabis                              94.7
   Hallucinogens                         23.7
   Stimulants                            15.8
   Opiates                               7.9
   MDMA                                  18.4
   Sedatives                             5.3
  -------------------------------------- ---------------------

Age, education, and past month recent substance use are listed as mean (SEM). For recent substance use, the mean and SEM were calculated using only subjects who reported any recent use of the drug (*n* for each drug type is shown). Remaining subjects reported no recent use of the drugs. Race is number of individuals who identify as such ("Other" is mainly Asian). Lifetime substance use refers to nonmedical use only.

SEM, standard error of the mean.

Physiological response {#s023}
----------------------

CBD had no effect on MAP (*p*\>0.05). CBD (300 and 600 mg) did not affect heart rate, and only the highest dose of CBD (900 mg) resulted in a slight increase in heart rate at the last time point of the session, indicated by a significant drug×time interaction effect, *F*(15, 540)=1.77, *p*=0.036.

Subjective drug effects {#s024}
-----------------------

CBD did not alter ratings of mood states (POMS) and subjects did not report feeling a drug effect, or liking or disliking it (all *p\'*s\>0.05).

Emotional Stroop {#s025}
----------------

As expected, subjects took longer to identify the name of the colored words when the text of the word was in a different color, *F*(2, 70)=85.08, *p*\<0.001. However, they did not exhibit longer reaction times with negative emotional words, and CBD had no effect on reaction times for any words ([Fig. 1](#f1){ref-type="fig"}; all *p\'*s\>0.05).

![Mean±SEM reaction times for emotional words in the Emotional Stroop task. Asterisk (\*) indicates that both the reaction times for the negative and positive words were significantly shorter than the reaction times for the color control words, but the reaction times for the negative and positive words did not significantly differ from one another. CBD had no effect on reaction times for any words. CBD, cannabidiol; SEM, standard error of the mean.](fig-1){#f1}

International Affective Picture System {#s026}
--------------------------------------

As expected, subjects rated positive images more positively (i.e., higher positivity ratings, *F*(2, 72)=182.89, *p*\<0.001) and negative images more negatively \[i.e., higher negativity ratings, *F*(2, 72)=393.24, *p*\<0.001\]. However, CBD did not alter ratings of either positive or negative stimuli (all *p\'s*\>0.05; [Fig. 2](#f2){ref-type="fig"}).

![Mean±SEM negativity ratings for **(A)** nonsocial and **(B)** social images of positive, negative, or neutral valence in the IAPS picture rating task. All image valence groups significantly differed from all other image valence groups, but CBD did not alter ratings of either positive or negative stimuli. A similar trend in positivity ratings was observed for both nonsocial and social images. IAPS, International Affective Picture System.](fig-2){#f2}

Dynamic Emotion Identification Task {#s027}
-----------------------------------

As expected, subjects identified angry faces significantly earlier than any of the other facial emotions, *F*(3, 108)=18.30, *p*\<0.001. CBD did not affect the ability to identify any expressions, regardless of the emotion ([Fig. 3](#f3){ref-type="fig"}; all *p\'*s\>0.05).

![Mean±SEM response intensity of facial expressions at time of identification in the DEIT. Asterisk (\*) indicates that participants identified angry faces significantly faster than any of the other facial emotions. None of the other facial emotions differed from one another, and CBD did not affect the ability to identify facial expressions, regardless of emotion. DEIT, Dynamic Emotion Identification Task.](fig-3){#f3}

Attentional Bias Task {#s028}
---------------------

With all emotions taken together, CBD affected attentional bias \[drug, *F*(3, 102)=3.07, *p*=0.031\], but this effect was no longer significant after correcting for multiple comparisons (all *p\'*s\>0.05). CBD did not affect attentional bias toward specific facial expressions, either negative (anger, sadness, and fear) or happy ([Fig. 4](#f4){ref-type="fig"}). The absence of an interaction between drug and emotion (*p*\>0.05) indicates that the effect of CBD on attentional bias was not significantly specific to certain emotions.

![Mean±SEM attentional bias scores toward angry, fearful, happy, or sad facial expressions. With all emotions taken together, CBD affected attentional bias (*p*=0.031). This effect of CBD was not specific to certain emotions.](fig-4){#f4}

Cyberball {#s029}
---------

Subjects reported more negative mood, *F*(1, 34)=127.26, *p*\<0.001 and lower self-esteem, *F*(1, 34)=112.54, *p*\<0.001 during the "rejection" compared with the "acceptance" phase of the task, and correctly noted that they received fewer throws, *F*(1, 34)=440.26, *p*\<0.001 (data not shown). However, CBD did not change their responses during either phase ([Fig. 5](#f5){ref-type="fig"}; all *p\'*s\>0.05).

![Mean±SEM feelings of positive mood **(A)** and self-esteem **(B)** after the Cyberball games conditions of "accepted" and "rejected." Asterisks (\*) indicate that subjects reported reduced feelings of positive mood and self-esteem after the rejection game, but CBD did not change their responses.](fig-5){#f5}

Discussion {#s030}
==========

Single doses of CBD (300, 600, and 900 mg oral) did not dampen responses to negative emotional stimuli in healthy volunteers. The highest dose of CBD (900 mg) produced a slight, delayed increase in heart rate 240 min after administration ([Fig. 6](#f6){ref-type="fig"}), and decreased attentional bias toward emotional facial expressions. But, CBD produced no detectable subjective effects (e.g., "feeling" a drug effect or ratings of momentary mood states) and had little effect on reactions to negative emotional stimuli on standardized tasks. The drug was well tolerated in these healthy young adults, and no participants experienced any adverse effects.

![Mean±SEM **(A)** heart rate and **(B)** blood pressure (BP) throughout the experimental session before and after CBD (300, 600, and 900 mg) or placebo administration. Asterisk (\*) indicates that the highest dose of CBD (900 mg) resulted in a slight increase in heart rate at the last time point of the session. CBD had no effect on BP (MAP, *p*\>0.05). MAP, mean arterial pressure.](fig-6){#f6}

Previous findings on the effects of CBD on mood or subjective state have been mixed. Several previous studies have suggested that CBD has stress-dampening effects, either alone or when it is administered in combination with other constituents of the cannabis plant.^[@B38]^ Our finding that CBD had little or no effect on behavioral measures of negative emotionality is apparently inconsistent with the prior reports of anxiolytic effects. However, our findings are consistent with other recent reports that CBD has minimal psychological or behavioral effects. In particular, Babalonis et al.^[@B52]^ reported that oral CBD (200, 400, and 800 mg) produced no detectable subjective or behavioral effects in regular cannabis users on measures of psychomotor performance and selective attention. In a related report, Haney et al.^[@B53]^ reported that CBD also did not change responses to cannabis.

An important shortcoming of this study was the absence of pharmacokinetic data to confirm that the drug was absorbed and that the participants were exposed to the intended plasma concentrations of drug. Because the drug, unexpectedly, had little effect on any outcome measure, we cannot be assured that the appropriate dose was delivered. Furthermore, Haney et al.^[@B53]^ reported a great deal of inter-individual variability in the peak plasma levels of CBD: among the eight participants in their study who received 800 mg CBD, peak plasma levels ranged from 1.6 to 271.9 ng/ml for the 6-h session, and the time to peak ranged from 120 to 360 min. This level of variability makes it difficult to measure the effects of the drug, and, if present in our study, could have contributed to our negative findings. Unpublished data from the supplier of the CBD formulation used here indicated that peak plasma CBD concentrations after a single dose occurred 4.5 h after oral administration (standard deviation \[SD\] 1.62 in 20 healthy volunteers), suggesting that absorption here was adequate and plasma levels were rising when we implemented our behavioral tasks. On a separate issue, it also would be of interest to study the effects of chronic doses of CBD to determine whether steady-state concentrations of CBD produce detectable behavioral effects.

Little is known about effects of CBD on attentional bias. One study^[@B54]^ compared attentional bias to drug and food stimuli in individuals who reported smoking high CBD:THC strains compared with low CBD:THC ratios, and found that high CBD:THC smokers showed lower attentional bias to drug and food stimuli. However, it is difficult to relate those findings to the present results because of differences in drugs, participants, and study stimuli. It remains to be determined whether CBD truly alters attentional bias to emotional stimuli.

One question to be addressed in any study, especially one with "negative" findings, is whether the measures used were sensitive to the purported drug effect. In this case, we used four tasks assessing reactivity to emotional stimuli, and each task was previously shown to be sensitive to the effects of psychoactive drugs. Moreover, our tasks provided orderly and expected effects, independently of CBD administration. On the DEIT, subjects were quicker to identify angry facial expressions than other emotions, as previously reported,^[@B44]^ and other drugs are known to alter DEIT performance.^[@B44],[@B55]^ Yet, we found no effect with CBD. On the IAPS task, participants rated positive pictures positively and negative pictures negatively, and previous studies have shown that stimulant drugs alter ratings of images.^[@B44],[@B55]^ Again, CBD did not affect responses to images of any valence. In the Cyberball task, participants reported greater feelings of social rejection after the exclusion game in this study, and we have previously reported that certain psychoactive drugs reduce feelings of rejection.^[@B51]^ Yet, CBD did not blunt feelings of rejection in this study. Finally, on the ABT, the mean reaction times in this study were comparable to those in previous studies,^[@B47]^ and on the Stroop task, we detected the usual slowing on the color control condition, but CBD did not alter performance in either of these measures. Thus, CBD had little or no effect on tasks with known sensitivity.

This study had limitations. We assessed attentional bias using reaction time to detect a stimulus, whereas previous studies used eye gaze, measured with electrooculography^[@B44]^ (EOG). It is possible that the EOG measure provides a more sensitive index of attention. It is possible that the emotional stimuli used here were not salient enough to induce negative mood states or anxiety, or that the mood effects of CBD are only evident in individuals with high levels of anxiety, because of an underlying trait, or because of a contextual stressor (an anxiogenic drug or a stressful task^[@B4],[@B5]^), as in prior reports of anxiolysis with CBD. Thus, it is possible that we did not detect a mood effect because participants were not experiencing anxiety at the time of CBD administration.

Conclusions {#s031}
===========

This study suggests that oral CBD does not alter responses to emotional stimuli, or produce anxiolytic-like effects in healthy human subjects. The absence of effect of CBD is consistent with another recent, carefully controlled laboratory study.^[@B52],[@B53]^ Cannabinoids as a class of drugs are understudied, despite their widespread use for both recreational and therapeutic reasons. Yet, little is known about the active constituents and their effects on mood and behavior. Further research is needed to assess the therapeutic potential of cannabis constituents such as CBD. Studies of chronic, as well as acute administration of these drugs, as well as studies in at-risk individuals, are needed. Studies of the pharmacokinetic characteristics and the mechanisms of action are also essential. This research is critical to establish the brain actions, behavioral effects, and potential toxicity of this widely used class of drugs.
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